Materials and methods

Samples
The adsorption treatment onto PAC is applied on solutions of pesticides dissolved in distilled water (pH = 5.5, dissolved organic carbon (DOC) = 0 mg C L -1 ) and in natural water coming from Ebro river (Spain) (pH = 8, DOC = 3 mg C L -1 ). Each sample is fortified with 500 ng L -1 of each studied pesticide in order to ensure their presence and to study their possible removal Table 3 . Results of the validation of the pesticides analysis methodology (continuation)
Activated carbon characterization
The characterization of used PACs is carried out with analysis by screener electronic microscopy (SEM) and by the method Brunauer-Emmet-Teller (BET). This characterization is carried out before and after each applied treatment. The BET method is used in order to determine the specific surface by the measurement of the gas adsorption at low termperature. The equipment used is a Micromeritic Instruments Co., Pulse Chemisorb 2700. The SEM analysis is carried out with a screener electronic microscope (JEOL JSM 6400) which can generates images of secondary and retrodispersed electrons accelerated with tensions between 0.2 and 40 KV. This microscope allow observations up to 3.5 nm of resolution and has coupled a computerized system of dispersed X rays energy (INCA 300 XSight, Oxford Instruments) with a resolution of 133 eV to 5.9 KeV. Moreover, it has coupled a computerized system to register and analizar difraction diagrams of retrodispersed electrons (Electron Back Scatter Diffraction).
Experimental procedure
The treatment of PAC adsorption is applied with distilled and natural water fortified with studied pesticides and the PAC concentration used is 10 mg L -1 (in a similar way than in drinking water plants in Spain). The PAC is put into de sample and it is softly stirred during 10 min. in a Jar-Test (SBS). Two types of PAC are used: BM8 (CHIEMIVALL), of mineral origin and coming from bitominous mineral; and VPlus (CHIEMIVALL), of vegetal origin and coming from wood. Two PACs are activated with vapour and obey with the norm EN-12903 to their application in drinking water. Their characteristics are shown in the table 4.
Specifications
BM8 VPlus
Iodine number (mg g -1 ) 800 950
Ashes content (%) < 10 3 pH of the aqueous extract 9.0 -10.0 9.0 -10.0
Particle size < 0.044 mm (90%) < 0.044 mm (90%) Origin Mineral Vegetal Table 4 . Characteristics of PAC BM8 and VPlus (CHIEMIVALL)
The concentrations of each pesticide before and after applying the treatment are analysed by GC/MS and the removal yields are calculated according to the equation 1:
where ŋ removal i is the removal yield of each pesticide, Ci initial-solution is the concentration of each pesticide in the sample before the treatment, Ci final-solution is the concentration of each pesticide in the sample after the treatment, and i each studied pesticide. Moreover, the average removal yield of all pesticides is calculated according to the equation 2:
where ŋ average-removal is the average removal yield of all studied pesticides, ŋ removal i is the removal yield of each pesticide and n is the number of pesticides (n=44). The study of the influence of the treatment time is carried out by experiments at different contact times: 10 min., 30 min., 1 h., 2 h. and 4 h..
Results
Pesticides removal
Pesticides removal percentages achieved after the application of the PAC adsorption treatment, with two types of used PACs and in two studied aqueous matrix, are shown in the table 5.
Average removal percentages achieved in the solution of distilled water are: 34% with mineral PAC and 46% with vegetal PAC. All pesticides in distilled water are better remove by vegetal PAC adsorption, except for the endosulphan-sulphate which is lightly better removed with mineral PAC. It is due to the fact that, in general, the adsorption equilibrium is reached faster with vegetal PAC tan with mineral (Matsui et al., 2003) . With respect to the pesticides solution in natural water, the average removal percentages achieved are: 33% with mineral PAC and 26% with vegetal PAC. In this case, all pesticides are better removed with mineral PAC, with the exception of triazines (simazine, atrazine, propazine, terbuthylazine, prometon, ametryn, prometryn, terbutryn and desethylatrazine) which are removed equal or lightly better with vegetal PAC. It is due to the influence of the organic matter contained in natural water and pore size of the used PACs. Although a priori the adsorption onto vegetal PAC is faster, this PAC has a higher pore size, therefore the competition for its occupation between the organic matter of natural water and pesticides increases, decreasing in this way the adsorption (Matsui et al., 2003) . In general, it can be observed that the aqueous matrix doesn't influence in the adsorption treatment with mineral PAC for the group of studied pesticides since the average removal percentages achieved are similar to solutions in distilled and natural water. It is due to the fact that the pore size of the mineral PAC is smaller than the particle size of the organic matter and then their interaction and influence is prevented. However, the adsorption treatment with vegetal PAC is influenced by the used aqueous matrix since to the pesticides solution in distilled water the removal percentages achieved are higher than to the pesticides solution in natural water. This is because the pore size of vegetal PAC is greater and the presence of organic matter in natural water competes with pesticides for the occupation of PAC pores or blocks them getting worse the adsorption capacity (Gillogly et al., 1998; Knappe et al., 1999; Pelekani et al., 1999; Newcombe et al., 2002; Matsui et al., 2003) . Moerover, the quantity of pollutants that can be adsorbed in a PAC is lower as the pH of the solution is greater. For this, the adsorption is more effective in distilled water than in natural water (Hu et al., 1998) . Therefore, according to achieved results, the adsorption with vegetal PAC is more effective in order to remove the studied pesticides when they are in distilled water and the adsorption with mineral PAC is more effective, when pesticides are in natural water. Triazines (simazine, atrazine, propazine, terbuthylazine, prometon, ametryn, prometryn, terbutryn and desethylatrazine) are heterociclic compounds used as herbicides. The adsorption of these substances is more effective with mineral PAC both in natural and distilled water. In distilled water the removal is about 40% and about 20% in natural water. With respect to organic-phosphorated insecticides (parathion methyl, parathion ethyl, chlorpiryfos, chlorfenvinfos and dimethoate), they are removed in a similar way in distilled and natural water, although their removal in distilled water is more effective using vegetal PAC (45%) and in natural water using mineral PAC (45%). Hexachlorocilohexanes pesticides (HCHs), which are organic-chlorinated insecticides, are removed in a similar way with mineral PAC both in distilled and natural water. However, the removal of theses pesticides is greater in distilled water with vegetal PAC (40-45%) than with mineral PAC in natural water (30%). Hexachlorobezene, organic-chlorinated compound used as insecticide, is removed in a similar way with two PACs in distilled water, about 65%. However, it is removed 60% with mineral PAC and 50% with vegetal PAC in natural water. Table 5 . Removal yields of studied pesticides (continuation)
Heptachlor, organic-chlorinated insecticides, are removed equal in distilled and natural water with mineral PAC, about 30%. Their removal increases when these pesticides are in distilled water with vegetal PAC achieving removal percentages about 40%. With respect to drins (aldrin, isodrin, dieldrin and endrin), all of them organic-chlorinated compounds used as insecticides, the vegetal PAC is more effective when they are in distilled water (40%) and the mineral PAC is more effective in order to remove them in natural water (25%).
Regarding to endosulphans, organic-chlorinated insecticides too, they are better removed with mineral PAC both in distilled and natural water. With respect to DDTs, organic-chlorinated insecticides, the mineral PAC is more effective in order to remove them in natural water achieving removal percentages about 20%, and the vegetal PAC is more effective in distilled water, increasing their removal up to 35%. Finally, for the rest of studied pesticides, they are better removed with vegetal PAC in distilled water and with mineral PAC in natural water. It's worth noting that diuron, urea derivate pesticide, which is complete removed with two PACs and in both solutions, and anilines (4-isopropylaniline and 3,4-dichloroaniline) for which the removal percentages achieved are very high in all cases. Since in natural water the more effective PAC is the mineral PAC in order to adsorb the studied pesticides, the study of the influence of the contact time is carried out with mineral PAC and solutions of pesticides in natural water at different contact times (10 min., 30 min., 1 h., 2 h. and 4 h.). Average removal yields of the group studied pesticides at different treatment times are shown in figure 1. Average yields of the pesticides adsorption at different contact times are: 32% in 10 min., 67% in 30 min., 71% in 1 h., 74% in 2 h. and 85% in 4 h. In accordance with these results, it can be observed that the adsorption of pesticides is produced mainly in the first 30 minutes. Since this moment and up to 2 hours of treatment the adsorption continues but lesser. Finally, between 2 and 4 hours of treatment the adsorption lightly increases and the group of studied pesticides is adsorbed 85%. The evolution of the pesticides adsorption in the time is the typically observed in multicomponent mixtures: the main adsorption happens in the first minutes of the treatment, after the adsorption is lower, and finally the adsorption lightly increases (Noll et al., 1992) . In the concrete case of the studied pesticides, the main adsorption occurs in the first 30 minutes of treatment, time which coincides with the recommendations given by the WEF-ASCE (WEF-ASCE, 1998) regarding to the contact time in the activated carbon adsorption. Results about the adsorption of different groups of studied pesticides in natural water with mineral PAC at different contact times are shown in figures 2 to 12.
Triazines adsorption is shown in figure 2.
Fig. 2. Triazines adsorption
In accordance with achieved results, and as it is showed in the figure 2, at 10 minutes of contact time the triazines adsorption is between 10 and 25%. This percentage considerably increases up to 35-55% in 30 minutes of treatment. Next, until 2 hours of treatment adsorption isn't observed, and it increases up to 60-85% at 4 hours of treatment for all triazines, with the exception of atrazine which is adsorbed 40% in 4 hours. With respect to organic-phosphorated pesticides, in the figure 3 it can be observed that the removal at 10 minutes of treatment is about 50%. The adsorption is complete at 30 minutes for all of these pesticides except to chlorpiryfos which is adsorbed 80% in 30 minutes and it requires 4 hours of treatment to remove it completely. Regarding to HCHs (figure 4), it can be observed the same behavior. The adsorption yield at 10 minutes is 30%. This percentage notably increases up to 65% in 30 minutes of treatment and next, practically there isn't adsorption until 2 hours. The adsorption increases up to the complete removal of HCHs at 4 hours of treatment. The adsorption of hexachlorobenzene (HCB, figure 4) is faster since at 10 minutes of treatment the adsorption is 60% and it is complete removed at 30 minutes. With respect to heptachlors (figure 5) it can be observed that three heptachlor are adsorbed about 25% in 10 minutes. The adsorption increases, mainly for heptachlor, until 30 minutes. At this time the removal of heptachlor is 90% and of heptachlors epoxide is 60%. Until 2 hours the adsorption doesn't increase and it lightly increases at 4 hours. The complete removal of heptachlor is achieved at 2 hours and after 4 hours of treatment the removal of heptachlors epoxide is about 70%.
Fig. 5. Heptachlors adsorption
The behavior of two studied endosulphans is completely different, as can be observed in figure  6 . Two of them are adsorbed 20% at 10 minutes, but α-endosulphan is complete removed at 30 minutes meanwhile endosulphan sulphate is adsorbed 70% after 4 hours of treatment. With respect to drins (figure 7), all of them are removed about 30% in 10 minutes of treatment. At this time, the aldrin and isodrin (isomers between them) adsorption increases with the time, achieving adsorption yields about 85-100% in 4 hours. In the case of endrin and dieldrin (isomers between them), the adsorption is lower and after 4 hours their removal yields are about 60%. In accordance with results obtained for DDTs (figure 8), their adsorptions are similar until 1 hour of treatment (50-60%). After and until 4 hours, the adsorption of pp'-DDE and pp'-DDD+op'-DDT lightly increases up to 65-85%. On the contrary, the adsorption of pp'-DDT notably increases at 2 hours or treatment achieving its complete removal.
www.intechopen.com With respect to anilines (figure 9), it can be observed their different behavior to the adsorption versus the time. Two anilines are removed about 70% at 10 minutes of treatment. However, 4-isopropylaniline is complete adsorbed at 30 minutes meanwhile 3,4-dichloroaniline requires 4 hours of treatment for its total adsorption. Regarding urea derivates pesticides (figure 10), their behavior is complete different too. At 10 minutes the diuron removal is very high, 65%. Its removal increases up to 95% after 4 hours of treatment. On the contrary, isoproturon is adsorbed 10% in 10 minutes although after 4 hours the same adsorption than diuron is achieved (95%).
Fig. 10. Urea derivates adsorption
In accordance with the results obtained to anilides (figure 11), it can be observed the same behavior for alachlor and metholaclor, and different one for methoxychlor. The three pesticides are adsorbed 35% in 10 minutes. However, alachlor and metholachlor increase their adsorption gradually with the time, achieving a removal about 70% in 4 hours of treatment, while the methoxychlor adsorption is 90% in 30 minutes and total in 4 hours. With respect to the rest of studied pesticides (figure 12), dicofol and 4,4'-dichlorobenzophenone are quickly adsorbed achieving their complete adsorption in 30 minutes of treatment. Molinate and trifluralyn are mainly adsorbed in the first 30 minutes of treatment and after 4 hours, the adsorption is total, like a lot of studied pesticides. Finally, the tetradiphon adsorption is progressive in the time and its complete adsorption is achieved in 2 hours of treatment.
As it has been mentioned before, the adsorption of studied pesticides shows the typical tendency of a multicomponent mixture. Moreover, the main adsorption of the group of pesticides happens in the first 30 minutes of treatment. In this time, the removal of each individual studied pesticide presents a pseudo-first order kinetic, that is corresponded with the next equation: 
Where C is the pesticide adsorbed concentration, C 0 is the pesticide initial concentration, t is the time of treatment and k is a constant which represents the adsorption rate of each pesticide. Rate constants, k, of each studied pesticide and regression coefficients, R 2 , obtained for each lineal equation are shown in table 6. As it can be observed, with a contact time of 30 minutes, the most of studied pesticides follows a kinetic of pseudo-first order, just like in studies carried out by other authors (Ayranci and Hoda, 2005; Salman and Hameed, 2010) . Moreover, rate constants obtained haven't any direct relation neither solubility nor molecular weight of studied pesticides (Ayranci and Hoda, 2005) . With respect to individual pesticides, parathion methyl and ethyl, chlorfenvinfos, dimethoate, hexachlorobenzene, α-endosulphan, 4-isopropylaniline, dicofol and 4,4'-dichlorobenzophenone are the pesticides that are adsorbed faster. Three times slower than these pesticides, are adsorbed heptaclor and methoxyclor, and about a half of these, chlorpiryfos, molinate, HCHs, diuron and isoproturon are adsorbed. 
Conclusions
In accordance with the study of the activated carbon nature and aqueous matrix influence it can be said that:
• Removal percentages of studied pesticides achieved in a contact time of 10 minutes are: 34% with mineral PAC and 46% with vegetal PAC to the solution in distilled water; 33% with mineral PAC and 26% with vegetal PAC to the solution in natural water.
•
In general, the adsorption with vegetal PAC is more effective in order to remove the studied pesticides in distilled water, and the adsorption with mineral PAC is more effective in order to remove the studied pesticides in natural water.
In the solution of distilled water, all pesticides are better removed by the treatment with vegetal PAC, with the exception of endosulphan-sulphate which is lightly better removed with mineral PAC.
With respect to the solution in natural water, all studied pesticides have greater removal percentages by the adsorption with mineral PAC, with the exception of some triazines which are lightly better removed with vegetal PAC.
In general, the adsorption treatment with mineral PAC isn't influenced by the aqueous matrix since the average removal percentages obtained are similar both distilled and natural water. However, the use of vegetal PAC is influenced by the aqueous matrix since the average removal percentages achieved in natural water are considerably lower that the percentages achieved in distilled water.
The treatment of activated carbon adsorption in distilled water doesn't cause the surface are reduction in any used PAC. However, the treatment in natural water causes a reduction about 10% of two PACs. This reduction is due to the adsorption of organic matter of the natural water onto the activated carbon. According to the study of the influence of the contact time it can be said that:
• The adsorption with mineral PAC in natural water achieves a partial removal of the studied pesticides.
• Average adsorption percentages of studied pesticides in natural water in different contact times using mineral PAC are: 32% in 10 minutes, 67% in 30 minutes, 71% in 1 hour, 74% in 2 hours and 85% in 4 hours.
The main adsorption of studied pesticides is achieved in the first 30 minutes of treatmen with mineral PAC. This time coincides with the recommendations given by the WEF-ASCE (WEF-ASCE, 1998) regarding to the contact time in the activated carbon adsorption.
• The most of studied pesticides have a pseudo-first order kinetic in the first 30 minutes of contact time.
• Organic-phosphorated pesticides, hexachlorobenzene, heptachlor, α-endosulphan, 4-isopropylaniline, methoxychlor and 4,4'-dichlorobenzophenone are the pesticides which are fastest adsorbed. Triazines, heptachlors epoxide, drins, DDTs, endosulphansulphate, 3,4-dichloroaniline, alachlor, metholachlor and tetradiphon are the pesticides which are slowest adsorbed. Therefore, the treatment of adsorption with PAC is an effective technique in order to remove pesticides in water.
